Microplastics have been documented in marine environments worldwide, where they pose a 13 potential risk to biota. Environmental interactions between microplastics and lower trophic 14 organisms are poorly understood. Coastal shelf seas are rich in productivity but also experience high 15 levels of microplastic pollution. In these habitats, fish have an important ecological and economic 16 role. In their early life stages, planktonic fish larvae are vulnerable to pollution, environmental stress 17 and predation. Here we assess the occurrence of microplastic ingestion in wild fish larvae. Fish larvae 18 and water samples were taken across three sites (10, 19 and 35 km from shore) in the western 19
Introduction 35
Microplastic (microscopic plastic, 0.1 μm-5 mm) debris has emerged as a persistent environmental 36 pollutant, recognised within the scientific and political community as a ubiquitous contaminant of 37 global concern (Thompson et al., 2004) . The increasing abundance and widespread distribution of 38 microplastics has led to concerns over the risks posed to the health of organisms and ecosystem 39 processes (Clark et al., 2016) . Since the emergence of mass-produced plastics in the 1930s (BPF, 40 surrounding water. Following sampling, the WP2 net was rinsed with filtered seawater and the 137 sample poured through a 100 µm mesh; samples were immediately sealed and subsequently stored 138 in a foil envelope in a -80°C freezer prior to analysis. Control measures included collection of 139 procedural blanks using filtered sea water, and sampling of boat paint for 
Fish larvae 149
Fish larvae were isolated by screening the formalin preserved net samples through a 2000 µm sieve. 150
Specimens were rinsed thoroughly, and the 2000 µm sieve placed in a tray of water to float the 151 sample inside the sieve. Fish larvae >10 mm were handpicked and placed into a covered beaker 152 containing ultrapure water. The total number of fish larvae per sample was recorded, and fish larvae 153 density (individuals m -3 ) calculated using the net dimensions, tow length and depth, and a net 154 efficiency of 85% (Southward, A. J., 1970) . All fish larvae larger than 9 mm were identified to species 155 level. 156
Microplastic ingestion in marine fish larvae 158
Fish larvae were assessed under a dissection microscope (Wild Heerbruug Switerland M5-49361; 6x-159 50x magnification) with gooseneck lighting (Schott KL1500 LCD). Individual fish larvae were placed in 160 a Petri dish (50 mm) on a polycarbonate filter paper (Whatman cyclopore, 47 mm, 10 µm) and 161 identified to species level (Russell, 1976, Munk and Nielsen, 2005) . Larval length was recorded, 162 however, accurate aging was not possible owing to variability in growth rates (Russell, 1976) . Prior to 163 dissection, larvae were checked for microplastics adhered to external surfaces. The jaw, oesophagus, 164 stomach and intestines were removed using fine tweezers and needle. The digestive tract was 165 inspected for microplastic particles in accordance with the Norén (2007) protocol: (1) no cellular or 166 organic structures are visible; (2) if the particle is a fibre, it should be equally thick, not taper 167 towards the ends and have a three-dimensional bending; (3) homogeneously coloured/clear 168 particles. If a suspect particle was found, the particle, guts and fish were photographed and the 169 particle sized (Olympus SZX16 Stereo Microscope with Canon DS126271 camera). A diamond 170 compression cell (Specac DC2; 2 mm diameter) was used to prepare suspect microplastics prior to 171 FT-IR analysis; FT-IR was conducted using a Brucker Vertex 70 micro FT-IR coupled with a Bruker 172
Hyperion 1000 microscope. Spectra were assessed using Bruker Opus 7.5 software. 173 174
Waterborne microplastics 175
Waterborne microplastic samples were removed from storage, and then freeze dried for 72 hours 176 (Scanvac CoolSafe freeze drier). Desiccated samples were put through an enzymatic digestion 177 protocol adapted from Cole et al. (2014) ; here, we used the enzymes Proteinase K and cellulase to 178 remove biotic material, whilst retaining anthropogenic and inorganic material for inspection and 179 characterisation. In brief: the total weight of each sample was recorded, and if the sample weighed 180 more than 0.5 g, then a 0.5 g subsample was taken. Each sample was placed in 30 mL of 181 homogenising solution, physically homogenised and incubated at 50° C for 30 minutes. Next, 1 mL of 182 20 mg mL -1 Proteinase K was added and incubated at 50° C overnight. Cellulase was introduced to 183 the protocol in order to further breakdown any remaining phytoplankton and organic material; 1 mL 184 of 40 mg mL -1 cellulase was added and the maintained at 4° C overnight to optimise enzymatic 185 degradation. Finally, 8.5 mL of 5 M sodium perchlorate was added, the sample physically 186 homogenised and placed in a water bath at 60° C for 30 minutes. Digested samples were then 187 vacuum filtered (Whatman cyclopore, 47 mm, 10 µm) and rinsed thoroughly with ultrapure water. 188 
Microplastic ingestion in marine fish larvae 241 242
A total of 347 fish larvae across 23 species were examined for microplastic ingestion, with 10 larvae 243 (2.9%) confirmed to contain microplastic particles in their digestive tract. Ingestion was observed in 244 five species (Table 2A) (Table 2B ) with the exception of thickback sole and the 248 European eel elver. At Station L4 thick back sole made up just over 2% of the species composition of 249 fish larvae over 9 mm in length and yet showed the highest encounter rate, however, this trend was 250 not repeated at Stations L5 or E1. Fish larvae containing ingested microplastics averaged 10±2.38 251 mm in length (excluding the 1240 mm European eel larvae), indicating they were likely to be no 252 more than two months old (Russell, 1976). The microplastics ingested by fish larvae consisted of blue 253 or red fibres (83%) and blue fragments (17%); fragments ranged from 50-100 µm in size, with fibres 254 ranging from 100-1100 µm in length. FT-IR analysis confirmed that ingested particles consisted of 255 either nylon, a polyester-polyamide composite or synthetic bioplastic (Rayon). Two fish larvae 256 contained two particles, whilst eight larvae contained just one each. 257 258 259 . The microplastic debris predominantly consisted of fibres (77%) and 278 fragments (23%), with no significant difference in shape between sites (ANOVA, P=0.485); Figure 4 ; 279 Figure 5A ). Out of a total 2772 microplastic particles observed, only one bead was identified. Across 280 all three sites, approximately 50% of the microplastics were blue ( Figure 5B), with black (21.5%), 281 clear (10%) and red (9.5%) plastics also well represented. Of the microplastics analysed: 63% were 282 mixtures of plastic compounds (co-polymers) and 36% were single polymers. The majority (55%) of 283 analysed particles were either rayon or a rayon mix (primarily rayon with polyurethane); 284 polyethylene, nylon and acrylic were also commonly identified, both as singular or co-polymers. We 285 further identified a significant, exponential relationship between microplastic size and relative 286 abundance (exponential regression, R Figure 6 ). There 306 was significant variance in fish larvae concentrations between sites (Figure 6 ; ANOVA, P<0.05), with 307 E1 showing significantly higher fish larval numbers than at L4 and L5. No significant difference in 308 microplastic concentrations (Figure 6 ; ANOVA, P=0.11) was observed between sites, although a 309 trend of decreasing concentrations with distance from the coast was noted. 310
311
When comparing fish larvae concentrations with waterborne microplastic concentrations, the site 312 closest to Plymouth (10 km) had a ratio of 27 microplastic particles per single fish larvae in the 313
water. This decreased to a 1:1 ratio at E1, 35 km offshore (Table 2) . Although fish larvae 314 concentrations were at their lowest at L4 station (closest proximity to Plymouth), microplastics 315 concentrations were at their highest, accounting for the maximum value of incidence of ingestion 316 recorded (Table 1) . 317 
Discussion 324
The results demonstrate 2.9% of fish larvae found at the study sites in the western English Channel 325 had ingested microplastics. Of the ingested particles, 83% were fibrous and 83% were blue, 326 mirroring the assemblage of microplastics concurrently sampled from the water column. Fish larvae 327 abundance increased with distance from shore, while waterborne microplastic concentrations 328 decreased. At L4 and L5, within the designated 19 km coastal water zone (UN convention), a 5.2% 329 encounter rate was observed alongside a fish to microplastic ratio per cubic meter of water of 1:27 330 and 1:9 respectively; at E1, 35 km from the coast, this decreased to 0.72% and a ratio of 1:1. 331 Owing to the susceptibility of fish larvae to environmental stressors during development, it is 386 imperative that the effects of microplastic exposure on key health parameters (i.e. growth rate, 387 feeding) in juvenile fish is given due attention. de Sa et al. (2015) revealed that developmental 388 conditions may influence a fish's ability to distinguish plastic from prey; it would therefore beintriguing to evaluate whether community fitness has a bearing on a fish larvae's ability to select 390 prey over plastic. 391
392
The encounter rates observed in this study are relatively low when compared to previous studies on 393 zooplankton, partly due to the fact that as larval concentrations increased, microplastic 394 concentrations decreased (with distance from shore). We would expect that higher encounter rates 395 would be observed where high microplastic concentrations overlap with high fish larval 396 concentrations; in these instances, we might reasonably expect that negative health effects on 397 individuals could extend to the population as a whole. Fish produce high numbers of eggs in order to 398 account for the high mortality rates in larvae, therefore the relationship between larval survival and 399 population dynamics is complex. 400 401
Comparison between waterborne and ingested microplastics 402
The characteristics of the microplastics ingested by fish larvae were representative of those found in 403 the water column, with 8 blue fibres out of 12 particles, reflecting the 77% fibre and 50% blue 404 composition of the microplastics in the water. Desforges et al. (2015) also found fibrous 405 microplastics were predominant in euphausiids (68% fibres) and copepods (50% fibres). Black 406 microplastics accounted for 21.5% of the water samples in this study whilst red just 9.5%, however 407 red fibres constituted 17% of the ingested particles whereas black wasn't ingested at all. If we are to 408 successfully advise on policy for microplastic production, use and disposal, it is advisable that future 409 laboratory experiments also assess the possibility of feeding selectivity taking place on microplastic 410 colour and shape. 411 412 Constituting over 50% of the microplastics found in our water samples, Rayon is a semi synthetic 413 bioplastic used in clothing, furnishing, female hygiene products and nappies; Cole (2014) also found 414
Rayon in the surface waters at L4 and close to the Plymouth sound (October 2013). Bioplastics (i.e. 415
Rayon) are rarely represented in toxicity testing of microplastics, and should be considered an area 416 requiring further testing. The large number of microscopic synthetic fibres found in the water 417 suggests sewage outlets might be a prominent source of microplastic pollution observed across our 418 sampling sites (Browne et al., 2010). Polyester and polyurethane (PU) were also identified in the 419 waterborne samples; both polymers are used in resin systems for boat hulls, PU is found in 420 numerous marine paints and polyester is a popular material for commercial marine rope including 421 fishing nets in conjunction with nylon. There was a notable absence of microbeads in our samples, 422 however this may be an artefact of our sampling protocol: Fendall and Sewell (2009) report that twothirds of cosmetic brands use <100 µm microbeads, therefore in using a 100 µm net we would be 424 unlikely to capture spherical particles below this size threshold. The most abundant size range of 425 waterborne microplastics was the <500 µm category, with abundance decreasing exponentially as 426 particle size increased; a trend also reported in open ocean samples by Cozar et al. (2014) England and it is these inputs that are more likely to be the key influence on the assemblage of 452 plastics outside of the coastal zone. 453
454
The abundance of fish larvae increased with increasing distance from shore. This study targeted 455 spring spawning boreal species residing throughout the water column and at their most abundant 456 and diverse in May (Russell, 1976) . Fish larvae remain planktonic until adolescence when they move 457 to their preferred habitat (e.g. Gadoids to rocky shores, flatfish to the benthos). Until this time they 458 remain planktonic and in deeper water, with only surface dwelling larvae prone to onshore drift by 459 prevailing winds; thus explaining the lower numbers recorded close to shore. Conversely 460 microplastic concentrations decreased with distance from shore and as such, the ratio of fish:plastic 461 decreased and directly correlated with the frequency of microplastic consumption. It is generally 462 hypothesised that biota in coastal regions will experience a greater impact from microplastic 463 ingestion. Furthermore we suggest that spatial and temporal overlap is key to the degree of impact 464 observed at population level. Microplastic concentrations are spatially and temporally variable, 465 influenced by local currents, accumulation spots and climate events among others. If these hotspots 466 overlie spawning grounds for adult fish and areas where planktonic larvae fish are abundant then 467 there will be far greater incidence of ingestion and therefore significantly higher encounter rate 468 observed than during this study. It is the identification of these areas alongside a drive towards to 469
producing ecologically relevant data that should be the focus of future research efforts in order to 470 target prevention, policy and legislation (Rochman, 2016 
Conclusion 476
Although the observed ingestion rate for microplastics in fish larvae was low at 2.9% we must 477 remember that these meroplankton have in fact only been in the pelagic zone as plankton for a 478 matter of weeks. Based upon the existing evidence, we suggest that ingestion of microplastics is 479 likely to be detrimental to these individuals, however it is currently unclear whether the low 480 incidence of ingestion would be sufficient to contribute to negative impacts at the population level. 481
There are difficulties in assessing the pattern of ingestion due to the low number of individuals 482 found to contain microplastic; further investigtation is required to determine whether fish larvae 483 exhibit selective behaviour towards microplastics of differing shape and colour. Concurrent water 484 sampling allowed an invaluable insight into the microplastic assemblage in the water at the time of 485 ingestion; this novel data highlights the spatial and temporal overlap of larvae and microplastics. 486
There can be no doubt that zooplankon, including merplankton, are ingesting microplastics and 487 biomicroplastics. This study has shown that higher encounter rates occur where microplastic 488 concentrations exceed those of fish larvae. We therefore expect incidence of ingestion to be 489 greatest in productive habitats which experience high concentrations of microplastics. 
